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Epitome 

(57) [Abstract] 

[Technical problem] Miniaturization of the equipment at the time of making a rush current control circuit 
placed between the semiconductor devices which contained the converter circuit section and the inverter 
circuit section, and simplification are attained. 

[Means for Solution] A thyristor 12 is made to build in a semiconductor device. The external terminal 10 
connected to each anode and cathode of a thyristor 12 is formed near the direct-current middle terminal. 
These external terminals 1 0 are pin configurations, and, moreover, are arranged at four sides of a modular side 
attachment wall. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The semiconductor device characterized by having arranged the external terminal of the module 
which it is inverter equipment equipped with the converter circuit section and the inverter circuit section at 
least, and a thyristor is inserted between this converter circuit section and the inverter circuit section, and is 
connected to this thyristor near the direct-current middle terminal between the converter circuit section and 
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the inverter circuit section. 

[Claim 2] The semiconductor de^^Pwith which it is inverter equipment equi^ed with the converter circuit 
section and the inverter circuit section at least, and a thyristor is inserted between this converter circuit 
section and the inverter circuit section, and this thyristor is characterized by being mounted in the different 
circuit board from the circuit board in which the inverter circuit section is carried. 

[Claim 3] Said thyristor is a semiconductor device according to claim 2 characterized by being mounted in the 
circuit board through the plinth of molybdenum. 

[Claim 4] The semiconductor device according to claim 1 to 3 characterized by arranging a modular external 
terminal at four sides of a case periphery. 

[Claim 5] The semiconductor device according to claim 4 characterized by installing two terminals of the 
potential with said same terminal at a time. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the structure which built in the thyristor in detail about the 
semiconductor device for the intelligent power module (Intelligent Power Module) applied to inverter equipment 
etc. 
[0002] 

[Description of the Prior Art] With development of fast power electronics in recent years, IGBT captured the 
big spotlight instead of the conventional bipolar transistor in the industrial field, and has mainly developed by 
adding amelioration. Especially IGBT is the purpose applied to inverter equipment, carries two or more IGBT 
chips and a diode chip, and has been applied in broad fields, such as industry, traffic, and household electric 
appliances, as an IGBT module packageHzed with the electric insulating plate and the base plate. Moreover, an 
IGBT module is developing into the power accumulation module (Power Integrated Module) which dedicated the 
rectifier circuit of an input current, and the dynamic brake circuit for regeneration in one package for the 
purpose of performing further hybridization from the demand to the miniaturization of inverter equipment, and 
high-performanceHzing in addition to the inverter circuit. Drawing 6 is the circuitry Fig. of an electrical- 
potential-difference form inverter. Although there are some classes of inverter circuits by the application, 
most electrical-potential-difference form inverter methods in a current commercial scene are applied. That the 
power semiconductor device is applied in this is the dynamic brake circuit section 3 which controls the rise of 
the electrical potential difference by the energy which generates the converter circuit section 1 which rectifies 
using diode and changes alternating current into a direct current, and a direct current at the time of 
regeneration actuation of the inverter circuit section 2 which outputs alternating current by PWM (Pulse Width 
Modulation) control using switching elements, such as IGBT, and the motor to which an output terminal is 
connected. 

[0003] Although a transistor module, a diode module, etc. of the discrete transistor and diode product which 
contain an independent transistor chip, and an one - seven piece group are selected according to the capacity 
of inverter equipment, each of these circuit sections Comparatively, that circuit wiring on each components 
becomes complicated in the field of small capacity or that it takes the time and effort of mounting to inverter 
equipment, and since this part hit the main circuit of inverter equipment further, it had become a problem that 
an effort great to an insulation or a heat dissipation design is applied. 

[0004] For this reason, the power accumulation module which dedicated the main circuit section of an inverter 
to one package has been produced commercially. The further improvement of the following matters is desired 
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cS^rated the application expansion (6) circumfei 



in this power accumulation mod ^ 

(1) Advanced features which inc9^rated the application expansion (6) circumference circuit section to the 
same appearance inverter by certainHzed (5) sequence fullness of the chip temperature protection by easy- 
ized (4) temperature-sensor built-in of soldering mounting by the miniaturization (3) pin configuration terminal 
of the efficientHzed (2) module appearance by lowHoss-izing in one package [0005] 
[Problem(s) to be Solved by the Invention] In recent years, the demand of the further miniaturization of 
inverter equipment and simplification is strong, not to mention the technical problem of a miniaturization of a 
product, is the technical problem that the miniaturization as the whole equipment is first, and becomes 
Important [ the planned development design based on the circumference circuit in the product development ]. 
As shown in drawing 6 , with inverter equipment, the mechanical relay 6 of the charge resistance 5, an 
electromagnetic switch, etc. was conventionally applied between the converter circuit section 1 and the 
inverter circuit section 2 as a circuit which controls the rush current of an intercondenser 4. However, the 
technical problem that a miniaturization was difficult occurred in the thing using the mechanical relay 6 of this 
electromagnetic switch etc. This invention is made in view of the above-mentioned point, and the purpose is 
attaining a miniaturization and simplification of the further equipment. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, according to this invention, it 
changed to the mechanical relay and the thyristor further for rush current control of a direct-current 
intercondenser was built in the power accumulation module. Thereby, while carrying out common simplification 
of the required individual separate installation meter for every input voltage with a mechanical relay 
conventionally, the large miniaturization of equipment is enabled. By furthermore having realized contactor 
contact free-ization using the semiconductor device, high-reliability, the noise reduction at the time of contact 
closing motion, the rush current control at the time of the instant power fail recovery which cannot respond at 
a machine contact, etc. are realizable. 

[0007] Moreover, by having arranged the thyristor output terminal in a module near the direct-current middle 
terminal, wiring with the converter circuit section can shorten and the internal wiring impedance between the 
converter circuit section and the inverter circuit section can be reduced. Moreover, the effect of the heat from 
the inverter circuit section and the dynamic brake circuit section can be controlled by having carried the 
thyristor chip in the insulating substrate other than the circuit board carried in the inverter circuit section and 
the dynamic brake circuit section. Moreover, improvement in withstand voltage, thermal resistance reduction, 
and relaxation of thermal stress are achieved by mounting a thyristor chip in an insulating substrate through 
the plinth of molybdenum. Furthermore, the degree of freedom of external wiring is raised by arranging all 
terminals to four sides of a modular periphery edge, or preparing each pin terminal by 2 sets [ 1 ]. 
[0008] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on the 
example shown in drawing 5 from drawing 1 . In addition, in each example, the same sign is given to the 
member corresponding to drawing 6 , and the explanation is omitted. Drawing 1 is outline drawing of the module 
of the example of this invention, and (a) is the perspective drawing where a top view and (b) carry out a side 
elevation, and (c) carried out opening of the center section of (a). In drawing 1 , 7 is the frame of a module 
including a side attachment wall. It is the copper base, and 8 carries this copper base side on a radiator, and it 
carries out thread fastening and it fixes it in the tapped hole of 9. The terminal 10 is made into the pin 
configuration so that easily [ soldering mounting ] for the printed circuit board (not shown) carried upwards. 
Conventionally, in the control terminal area, connection between a power module and an inverter equipment 
circumference circuit was made in a connector or soldering, and was ****ed to the bus bar or the printed 
circuit board with the main circuit section terminal, and its stop was in use. However, in the capacity band with 
which a power accumulation module is applied, the strong demand to production cost reduction is, a main 
circuit and a control circuit wire a printed circuit board, and the method which also bundles up a power module 
and performs a solder flow is becoming in use. In the example of this invention, when the terminal of both a 
main circuit and a control circuit was arranged on the same side and all terminals have been arranged in four 
corners, it is considering as the narrow pin configuration. And the pin terminal of a control terminal was used 
as the gilding terminal of 2.54mm pitch with an usable general-purpose connector, and is equipped with the 
guide pin 1 1 for performing positive mounting at the time of connector mounting so that it may correspond also 
to a connector joint 

[0009] G is the pin terminal connected to the gate of the thyristor chip 12 among the terminals arranged in 
this four comer, K is the pin terminal connected to the cathode of the thyristor chip 1 2, and P (A) is the pin 
terminal connected to the anode of the thyristor chip 1 2. And this P (A) terminal is adjoined and the pin 
terminal of PI which is the input side edge child of the inverter circuit section is prepared in that near. Thus, 
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by having arranged the thyristoi^^pu Clef minaTR tnaWwoaitfcdS'e iddle terminal P (A) and near 

PI, wiring with the converter ciiMr section can shorten and the internal wiring impedance between the 
converter circuit section and the inverter circuit section can be reduced. 

[0010] Drawing 2 is outline drawing of the module of an example with which this inventions differ, and (a) is the 
perspective drawing where a top view and (b) carry out a side elevation, and (c) carried out opening of the 
center section of (a). In drawing 2 , a different point from drawing 1 is a point of having started each two pin 
terminals at a time, respectively. Thereby, it can respond also to large capacity-ization. Moreover, as shown in 
(c), the thyristor chip 12 is carried in the insulating substrate 14 in which six diode chips 13 are carried, and is 
separated from the substrate 1 5 in which the inverter circuit section is carried. Thus, the effect of the heat 
from the inverter circuit section and the dynamic brake circuit section can be controlled by having carried the 
thyristor chip 12 in insulating substrate 14 with the another circuit board 15 carried in the inverter circuit 
section and the dynamic brake circuit section. In addition. 1 6 is a bonding wire for connecting each part. 
[001 1] Drawing 3 Is drawing 1 and the circuitry Fig. of the module of drawing 2 . With this circuit diagram, the 
thermistor 17 for the temperature detection in a thyristor 12 and a module is newly formed. The figure 
indicated by each part of a circuit diagram is equivalent to the figure of the pin terminal indicated by drawing 1 
and drawing 2 at the modular side attachment wall. Drawing 4 is drawing having shown the important section 
circuit of a rush current control circuit, and the wave of operation. In drawing 4 , although drawing 6 explained, 
an intercondenser is connected between the converter circuit section and the inverter circuit section. As a 
circuit which controls the rush current of this intercondenser, the rush current control circuit which consists 
of a parallel circuit of charge resistance and a thyristor is used. That is. the time of initiation of inverter 
equipment of operation does not make a thyristor turn on, but supplies the current i1 through charge 
resistance to an intercondenser. And when a charge predetermined with a current i1 is accumulated in an 
intercondenser, a thyristor is made to turn on. and current i2 (i1»i2) is passed through a thyristor. The time of 
a halt of inverter equipment makes it flow through a thyristor henceforth. 

[0012] Drawing 5 is outline drawing of the thyristor chip 12 made to build in the module of drawing 1 and 
drawing 2 . (a) is a top view and (b) is a side elevation. In drawing 5 , 1 8 is the passivation film, 1 9 is solder, and 
20 is the plinth of molybdenum. Although the thyristor chip 12 equips the periphery edge of a chip with the 
passivation film 1 8, it cannot secure sufficient withstand voltage when mounting to an insulating substrate. So. 
in this invention, withstand voltage with the circuit pattern on an insulating substrate is secured by joining the 
plinth 20 of molybdenum to the inferior-surface-of-longue side of the thyristor chip 12 with solder 19. 
[0013] 

[Effect of the Invention] As stated above, according to the configuration of this invention, the effectiveness of 
degree account is done so. It changed to the mechanical relay and the thyristor further for rush current 
control of a direct-current intercondenser was built in the power accumulation module. Thereby, while carrying 
out common simplification of the required individual separate installation meter for every input voltage with a 
mechanical relay conventionally, the large miniaturization of equipment is enabled. By furthermore having 
realized contactor contact free-ization using the semiconductor device, high-reliability, the noise reduction at 
the time of contact closing motion, the rush current control at the time of the instant power fail recovery 
which cannot respond at a machine contact, etc. are realizable. Moreover, by having arranged the thyristor 
output terminal in a module near the direct-current middle terminal, wiring with the converter circuit section 
can shorten and the internal wiring impedance between the converter circuit section and the inverter circuit 
section can be reduced. Moreover, the effect of the heat from the inverter circuit section and the dynamic 
brake circuit section can be controlled by having carried the thyristor chip in the insulating substrate other 
than the circuit board carried in the inverter circuit section and the dynamic brake circuit section. 
[0014] Moreover, improvement in withstand voltage, thermal resistance reduction, and relaxation of thermal 
stress are achieved by mounting a thyristor chip in an insulating substrate through the plinth of molybdenum. 
Furthermore, the degree of freedom of external wiring is raised by arranging all terminals to four sides of a 
modular periphery edge, or preparing each pin terminal by 2 sets [ 1 ]. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective drawing where it is outline drawing of the module of the example of this 
invention, and a top view and (b) carry out a side elevation, and, as for (a), (c) carried out opening of the center 
section of (a). 

[Drawing 2] It is the perspective drawing where it is outline drawing of the module of an example with which 
this inventions differ, and a top view and (b) carry out a side elevation, and, as for (a), (c) carried out opening 
of the center section of (a). 

[Drawing 3] Drawing 1 . the circuitry Fig. of the module of drawing 2 

[Drawing 4] Drawing having shown the important section circuit of a rush current control circuit, and the wave 
of operation 

[Drawing 5] It is outiine drawing of the thyristor chip 12 made to build in the module of drawing 1 and drawing 
2 , (a) is a top view, and (b) is a side elevation. 

[Drawing 6] The circuitry Fig. of an electrical-potential-difFerence form inverter 
[Description of Notations] 

1 Converter Circuit Section 

2 Inverter Circuit Section 

3 Dynamic Brake Circuit Section 

4 Intercondenser 

5 Charge Resistance 
12 Thyristor Chip 
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DRAWINGS 
[Drawing 1] 
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